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Summary &horbar; The effect of calcium upon the uptake of oleic acid solubilized with 10 mM taurocholate was investigated using an in vitro model of isolated enterocytes. The addition of Ca 2 + to the incubation medium (Hanks' medium) led to a decrease in oleic-acid uptake. This uptake inhibition was dependent on both the amount of Ca 2 + and the fatty-acid concentration, since the inhibitory effect was significant for 10 0 jM but not 100 pM oleic acid. The determination of the monomeric activity of oleic acid indicated that the decrease in fatty-acid uptake was not linked to the formation of insoluble calcium soaps. The replacement of Hank's medium by several mineral waters containing between 0.3 and 11.7 mM Ca 2 + significantly reduced the uptake of both 10 and 100 pM oleic-acid. The ionic composition of these waters was correlated with the decrease of initial rate of oleic acid uptake, but Ca 2 + and other ions could interfere by synergetic effects with the fatty-acid-absorption mechanism. It is concluded that the ioninduced inhibition of oleic-acid uptake is not due to the formation of insoluble soaps but rather to a direct effect on the fatty-acid transport in membranes. Whether the fatty-acid binding protein in the plasma membrane is involved in the effect of Ca 2 + on fatty-acid transport remains to be established. (Willett, 1989; Willett et al, 1990; Weisburger, 1991) and negatively correlated with the intake of calcium (Appleton et al, 1987; Sorenson et al, 1988) . One mechanism by which calcium might reduce the effect of fat may be the formation of insoluble salts with bile acids and free fatty acids (Wargovich et al, 1983 Newmark et al, 1984;  Lipkin and Newmark, 1985) . It (Strauss, 1977; Bernard et al, 1989; Saunders and Sillery, 1989 Hollander, 1978, 1979; Hollander et al, 1984; Molina et al, 1990) . Studies using isolated intestinal cells indicate that oleic-acid uptake (Stremmel, 1988) and a-linolenic acid uptake (Gore and Hoinard, 1993) (Stremmel et al, 1985 
Experimental procedure Preparation of intestinal cells
Intestinal cells were isolated as previously described Hoinard, 1987, 1989 
Working cellular suspensions
Six millilitres of cellular stock solution were centrifuged (765 g, 2 min) and the pellet was resuspended in 6 ml of control medium (Hanks' medium) or 6 ml of mineral water (working cellular suspension containing about 5 mg protein/ml). (Stremmel, 1988 (Stremmel, 1988; Potter et al, 1989; Trotter Effect of the incubation medium on cellular uptake of oleic acid Table II shows that when the oleic-acid monomer was solubilized in 10 mM sodium taurocholate, its activity was not significantly modified by the addition of calcium to the incubation medium. Similarly, replacement of incubation medium by the mineral waters with higher ionic concentrations (particularly in calcium) did not lead to any changes in monomeric activity. Table III , however, indi- cates that the addition of CaC' 2 to the control incubation medium (Hanks' medium) induced a significant decrease in 10 pM oleic-acid cellular uptake. The effect of CaC' 2 was dependent on the amount of Ca 2 + added to the medium (inhibition of 19 9 and 32% for 3 and 10 mM CaC' 2 , respectively). Although a reduction in fatty-acid uptake was noted, the intestinal absorption of 100 pM oleic acid was not significantly modified by CaC' 2 . On the other hand, replacement of Hanks' medium by mineral waters drastically decreased the cellular uptake of both 10 and 100 pM oleic acid (mean inhibition 60 ± 16%). It can be noted that the decrease of oleic-acid uptake induced by mineral waters was even greater than those obtained with 10 mM CaCl 2 . Statistical analysis revealed that the inhibition of fatty-acid uptake was different from one water to the others. The examination of the mineral content of these waters (see table I) ) leads to 2 remarks: i) in comparison to the Hanks' medium, all the waters used in this study were Na + -, K + -and CI--depleted; and ii) the amounts of Ca 2+ , Mg 2+ , S0 4 2 -and HC0 3 increased from water 1 to water 4 (ie Volvic < Evian < Vittel < Contrex). Table IV indicates that total ion content of the waters was statistically inversely correlated to the uptake of oleic acid (r=-0.948, P< 0.001 and r = -0.811, P < 0.001 for oleic acid uptake 10 and 100 pM, respectively). The ions Ca 2+ , Mg 2+ and S0 4 2 -especially seem to play an inhibitory role in oleic acid cellular uptake (-0.969 < r < -0.824; P < 0.001). In order to clarify this point, some complementary experiments were conducted (table V) . First, the influence of CIor S0 4 2 -was apparently negligible since no important change in oleic-acid uptake was demonstrated when CaS0 4 was substituted for CaC1 2 , or when NaCI (140 mM) was added to Na + -depleted water (water 4). This addition of Na + led to a significant increase of oleic-acid uptake, which was insufficient for control level recovery. Second, the addition of 10 mM EGTA, which induced a decrease of Ca 2+ content of water 4 (Contrex) from 11.7 to 1.3 mM, could not restore the oleic-acid uptake measured in the control.
Fatty-acid solutions

DISCUSSION
The results obtained in the first part of this study show that when calcium was added to intestinal cell incubation medium, the uptake of oleic acid (18:1 n-9) was reduced. (Mattson et al, 1979; Appleton et al, 1992; Govers et al, 1993) . In the present study, the decrease in oleic-acid uptake induced by calcium was not directly related to the formation of insoluble calcium soaps. (Mattson et al, 1979; Gueguen, 1992) and oleic acid itself would cause the solubilization of calcium-oleate salts (Jandacek, 1991 ) . Finally, the presence of taurocholate could modify the Ca 2+ -fatty-acid interaction (Van der Meer et al, 1990; Gu et al, 1992; Govers and Van der Meer, 1993) . Calcium thus appears to interfere directly or indirectly with the fatty-acid-uptake mechanisms of intestinal cells, rather than through a reduction in the concentration of free fatty acid that can be absorbed. Whether Ca 2+ reduces oleate uptake through modifications in the membrane fluidity (Jacobson and Papahadjopoulos, 1975; Baciulis etal, 1992) and/or in the activity of the membrane fatty-acid binding protein which transports long-chain fatty acids into intestinal cells (Stremmel, 1988; Gore and Hoinard, 1993) cannot be assessed from the present study.
The results of the second part of this study, involving the effect of mineral water on oleic-acid uptake, are not so straightforward to interpret. Overall, replacing the incubation medium used as control (Hanks' medium) by mineral water led to an approximately 60% reduction of fatty-acid uptake.
This inhibition of transport was noted with both 10 and 100 pM oleic acid. Intestinal cell uptake of long-chain fatty acids requires the presence of Na + in the incubation medium (Stremmel, 1988; Gore and Hoinard, 1993) and the mineral waters used in this study were highly depleted in Na+ ( (Behling et al, 1990 ) and absence of others (notably Na + , CI-).
A study involving the effect of these different ions (in particular Ca 2+ and Mg 2 +) on fatty-acid-transport-protein coupling is currently under way by our group and should furnish more precise responses on the mechanism(s) of inhibition reported here.
